This study was conducted to investigate the effect of dietary sal (Shorea robusta) seed meal (SSM) on growth performance, carcass characteristics and economic feasibility in broilers. Two hundred day-old, straight-run (Cobb-500) broiler chicks were randomly allocated to five dietary treatments for 42 days feeding trial (40 birds each). Dietary treatments were designed according to SSM supplementation levels, namely control diet (0% SSM), diets containing 10 and 15% of un-boiled SSM (USSM), and diets containing 15 and 20% of boiled SSM (BSSM). At the end of feeding trial, 20 birds (2birds per replication) were subjected for determining the meat yield parameters. Overall weight gain of control and 0% BSSM 2group was higher (p<0.001) than that of other groups. Feed consumption was higher in control and 20% BSSM group where as 15% USSM group exerted the lowest. Poorest FCR and performance index were showed in the birds of 15% USSM supplemented group. There were no differences in meat yield parameters among treatments. Total profit per kg live broiler was significantly (p<0.001) higher on diet with 20% BSSM. The boiling of SSM was effective to reduce the tannin-related depression on the performance of broilers. In conclusion, broilers received diets containing BSSM up to 20% showed better growth performance along with profitability, and this boiled SSM could be used as an alternative energy source ingredient in broilers having no detrimental effects on performance.
Introduction
Scarcity of cereal grain is one of the problems for economic poultry production. Poultry compete directly with human and other livestock for grain, which constitutes about 50% of compound feed.
Maize is the principal conventional grain used for formulating poultry diets in Bangladesh and worldwide. Considering the expansion of poultry industry, the availability of maize is still not satisfactory. The price of different feed ingredients is showing an upward trend, because there is a high demand for essential items.
Therefore, poultry rearing practices have become more challenging. Thus the higher cost of conventional feed ingredients has made economic poultry production difficult in Bangladesh. So, potentiality of alternative ingredients is to be explored.
However, to reduce the cost of feeding various attempts have been made by poultry nutritionist to substitute cereal grains partly or wholly by agricultural, industrial and forest by-products. Sal (Shorea robusta) seed is a forest by-product available in huge quantity in the forest areas of Bangladesh. It is of potential interest in animal nutrition because the sal seed meal (SSM) obtained after extraction of oil from the seed is rich in carbohydrate (CHO), non-available CHO fractions, and also contains crude protein (CP) and ether extract (EE), similar to that of wheat (Zombade et al., 1979) . Nayak et al. (1967) showed that SSM could replace maize up to 5% of the diet without deleterious effects on growth rate of chicks. Several investigators have examined the proximate components of SSM.
They (Zombade et al., 1979) observed that SSM contains 98g CP, 22g EE and 450g available CHO and 117g tannins and 2671.43 kcal ME per kg. Banerjee (1998) showed that SSM contains about 80to 90g CP, 120 to 160g EE, 20 to 30g fibre and 850g NFE per kg. Tannin, a polyphenolic toxin compound is found in sal seed and it can be inactivated by different physico-chemical process (Banerjee, 1989) .From the above information, it is clear that sal seed (Shorea robusta) may be an alternative to replace the conventional cereal grains for poultry diets. Therefore, the purpose of the present study was undertaken to exploit the possibilities to use SSM as an alternative energy source ingredient in broiler diets.
Materials and Methods

Preparation of USSM and BSSM
The sal seed were collected from Modhupor sal forest, Tangail, Bangladesh. The collected sal seeds were sun dried and de-hulled manually until its maximum moisture was lost up to 15%. The de-hulled seeds were boiled at 100C for 35 minutes and sun dried. Both boiled (BSSM) and un-boiled (USSM) sal seeds were ground through a 1.0 mm mesh screen, and then stored to the polythene bags prior to the use in the diets. The proximate composition, total tannin content of USSM and BSSM were analyzed according to the AOAC (2006) and Price et al. (1978) methods, respectively. Metabolizable energy of USSM and BSSM at different dietary levels was estimated using the formula suggested by Wiseman, (1987) ( Table 1) .
Birds, Diets and Sampling
A total of 200 straight-run broilers were housed in floor barn bedded with rice husk.
Birds were randomly allocated to five dietary treatments for 42 days feeding trial. Each treatment had two replicate pens with 20 birds in each pen. Different levels of SSM (0% as control, 10 and 15% of USSM, and 15 and 20% of BSSM with diet, respectively) were supplemented to make five experimental diets. Two diets were used for starter phase (day 1 to day21) and finisher phase (day22 to day42) to meet the NRC (1994) nutrients requirement for broilers. The diets were formulated using locally available feed ingredients as shown in Table 2 2 Using the formula suggested by Wiseman, 1987. Statistical analysis
All calculated data collected were statistically analyzed using a one-way analysis of variance.
The means were subjected to the test of significance by Duncan Multiple Range Test using SPSS software (SPSS, 2010) . Pen was considered as the experimental unit for all statistical analyses. The dressing yield parameters were for 2 (sex) x 5 (diets) factorial experiment in a CRD.
Significant differences among mean values were presented as P-values and superscripts.
Results
Nutrient composition of USSM and BSSM
The proximate composition and tannin contents of un-boiled and boiled SSM are presented in Table 3 . Since the tannin concentration was partially eliminated by heat treatment from dried sal seed, the level of tannin decreased by 33.3%.
The energy content of both forms of SSM was higher than that of any other conventional grain based energy ingredients in poultry diet.
Growth performance
The live weight, feed consumption, feed conversion and performance indices fed on different levels of USSM and BSSM diet is shown in 1 Provided the followings per kg of diet:Vit A, 12000IU;Vit D3, 3000IU;Vit E, 40mg;Vit K3, 2.4mg;Vit B1,1.2mg;Vit B2, 5mg;Vit B6, 3mg;Vit B12,0.02mg; Niacin, 40mg;Panthothenic acid, 10mg;Folic acid,0.5mg; Biotin,0.07mg; Mn, 72mg; Fe, 48mg; Cu, 5mg; Zn, 60mg; Se,0.18mg I, 1 mg.
Meat yield parameters
The meat yield parameters of control and different SSM dietary groups are given in Table 5 .
Sex and interaction of sex and diet did not significantly (p>0.05) affect meat yields parameter. Drumstick meat weight (%), breast meat weight (%), dressed weight (%), dark meat weight (%), total meat (%) were noted tended to be highest in broilers fed 20% BSSM diet and it was also similar with control diet followed by 10% USSM and 15% USSM diets. Abdominal fat (%) was however; highest in females than in males on the birds of all groups and it appeared highest on 20% BSSM group. and 2653 kcal/kg respectively, first SSM and SOM which was less than that estimated in current investigation. It really made a great difference in ME content of SSM between the present study and the research conducted by Sutradhar (1990) .
The obtained CP content in BSSM (9.42%) was very close to the findings of Paul et al. (1972) and Zombadeet al. (1979) who found 9.74% and 9.8% of CP in SSM respectively. Banerjee (1998) and Kaduskaret al, (1981) also showed that SSM contained about 8-9% and 10.1% CP respectively which was similar to the present study.
Growth performance
Similar live weight was observed on control and 20% BSSM diet but the significant (p<0.05) lowered live weight was found on 10% USSM and 15% USSM diets.It may be due to the tannin content of SSM which at this level showed to give retarded growth rate of broilers. This result also contradicts with the result of Tarequeand Hayee (1980) who did not found any harmful effect on 15% USSM diet. Generally, the tannin increases with the increased levels of dietary SSM. This finding is also supported by the observation of Vohra et at. (1966) and Konwaret al. (1987) .
Lack of deleterious effect on 20% BSSM in comparison with control diet coincide with the report of Saxena (1971) who found 20% inclusion level of SSM did not depress the growth of chicks.In our study, it has been revealed that the feed consumption was found to be apparently highest for broilers on 0% SSM diet, than 15% USSM diet. It was understood that the reason for fluctuation in feed consumption might be variation in tannin content and astringent taste on different level of SSM diet. This result is supported by Gupta and Haslam (1980) who's reported that feed intake was stimulated due to slight astringent taste. In contrast, SSM and seeds containing high levels of hydrolysable tannins resulted in increased feed intake in chicks (Zombadeet al., 1979) . It seemed that boiling correct the tannin content of seed and improves the taste and intake. These present investigation coincide Banerjee (1998) who showed the processing of sal seed increased palatability and intake.The present study showed that feed efficiency influenced significantly (p<0.01) among different SSM diets. But, the seasons of fluctuation in feed conversion on different diets were unknown. Since, control diet did not contain SSM. So, enzymatic activity and nutrient availability was not hampered on the digestive tract of birds. On the other hand, different levels of SSM (boiled/un-boiled) might have increased dietary tannin at various (polyphenols) levels and it possibly created inhibitory effects on the formation of active enzymes (Oh et al., 1980) (1979) . They found poor feed conversion at more than 5% SSM in diet. This report also coincides with the observation of Vohra et al. (1966) who found the feed conversion of chicks decreased as the level of tannic acid increased in their diets. But, Nayaket al. (1967) reported that when SSM replaced maize by 5%, no sign of deficiency was seen and efficiency was better. But, at 20% BSSM increased the feed efficiency possibly due to reduction of tannic acid from the seed through treatment (boiling). This finding were supported by Panda and Pradhan (1967) who showed that boiling of sal seed for half an hour removed 60% tannic acid.The mortality was found only the birds fed diets on control and USSM groups. However, no disease problems were appeared in the flock but mortality might be noticed due to nutritional and brooding management problems. In this study, it seems to be clear that higher level of SSM in diet not the causes of mortality.
Cost benefit analysis observed that, highest profit per kg live broiler was encountered on 20%BSSM followed by control, 10%USSM and 15%USSM diets respectively (Figure 1) .In 20% BSSM diet, conventional energy ingredient was replaced by SSM; for this, the feed cost for production per kg of broiler was lowest. (Table   5 ). The dressed weight percentage was highest on 20%BSSM intermediate on control and lowest on 15%USSM. Abdominal fat had significant (p<0.05) effect on sex, female had higher fat percentage than male and it was highest on control and lowest on 15 %USSM. Abdominal fat is higher in female than male is supported by Howlider and Rose (1987) .
Conclusion
In this study, the proximate composition of SSM seems to be more or less similar to that of maize.
Processed dietary SSM as high as 20% was able to not only improve weight gain, feed intake and FCR but can reduce the feed cost for commercial broiler production. It is therefore concluded that, SSM could be recommended as an alternative energy ingredient for broiler production, where the 20% BSSM diet could be the appropriate level without any harmful effect. Limited research works have been conducted to use sal seed as poultry feed ingredient, which are not sufficient to draw meaningful conclusion and recommendation. However, further studies are needed to explain how the SSM is able to improve the growth parameters of broilers.
